Introduction
One goal within the National Science Foundation's Coupling, Energetics, and Dynamics of Atmospheric Regions Program (NSF-CEDAR)
is to develop and deploy state-of-the-art instrumentation at field sites scattered across the globe that will perform unattended automatic data acquisition of terrestrial airglow and auroral emissions.
These data sets provide a means to characterize the weather at high-altitude regions of the atmosphere: the mesosphere, the lower and upper thermosphere, and the exosphere. Simple optical experiments controlled by small data storage instruments are one technique employed by aeronomers.
In particular, Fabry-P6rot interferometers (FPIs), suitably outfitted, are capable of monitoring neutral and ion temperatures, neutral horizontal and vertical winds, ion drifts, and composition measurements from stable environmentally controlled platforms. Other instruments used by experimental optical aeronomers are diffraction grating spectrometers or spectrographs, spectrophotometers, all-sky imaging cameras, and Fourier transform spectrometers.
The common connecting thread of all these techniques is the desire to perform very low light level ex-periments on temporally varying phenomena to extract geophysical parameters with the lowest possible error bars.
We describe the current technique used by a group of aeronomers at the University of Michigan to perform FabryPdrot interferometry at remote field sites. These locations are typically difficult to reach, have little if any on-site support, are in harsh enviromnents, and usually are isolated from the principal investigators for large parts of the observing season. The FPI j'2 measures the line profile of an emission originating from a long-lived state of either atomic oxygen (ground or singly ionized state) or hydroxyl. The excited state has a lifetime sufficient for it to reach local thermodynamic equilibrium and, hence, provides a measure of the local temperature. Shifts in the peak location provide an indication of the line-of-sight velocity, which may easily be converted into either a horizontal (meridional and/or zonal) or a vertical wind component. The key measurement of these FPI airglow experiments is the 2-D fringe profile--intensity versus phase difference.
We discuss the method employed to image the fringe profile and to extract the fringe profile fi'om the image, as well as the difficult task of deploying a bare CCD as the sensor for an FPI airglow experiment.
The FPI instruments deployed are all located in the northern hemisphere:
Thule Air Base, Greenland; S¢_ndre Str_mt]ord, Greenland; Watson Lake, Yukon Territory, Canada; and Peach Mountain, Michigan.
The Greenland sites currently use an image plane detector _ to gather light, while the latter two employ a bare CCD as a detector. Fig. 2(b) . A flat-field image of a tungsten bulb illuminating the globe is shown in Fig.   2 Hence, the initial images will never show a circular pattern when one is input, as observed. However, by applying an aspect ratio correction, a circular image may be formed as shown in Fig. 2(c) . Fig. 3(c) . A slight broadening occurs in the data reduction technique resulting in a reduction of peak intensity for different orders. The next step in the simulation was to offset the center of the fringe pattern and to redo the r 2 reduction. to roughly 5% of the average nighttime bias value (note that the CCD is not operated at the cryogen temperature, but usually at -100°C). The routine used to remove the bias component from the sky frame utilizes this high SNR bias frame by subtracting this amount from the sky fi'ame. We have lk)und this to be adequate except during intervals when the dewar housing the camera head is being refilled with liquid nitrogen. Our operational answer to this problem was to control the refill timing to coincide with dusk and dawn, the latter to ensure that the detector dewar would remain coo] during daylight periods. We note here that with the new Kodak KAF 1400 based system in Watson Lake. preflashing of the sensor is not used because airglow emissions are inherently brighter (due to the high latitude) and the etalon plates have a much larger area (6-in. diameter versus 4-in. diameter) resulting in higher count rates. The Watson Lake airglow sample shown in Fig. l(c) was acquired in I rain.
Geophysical Observations
Two stations are currently operating with bare CCD sensors:
Watson Lake, Yukon, using the Kodak chip, and Peach Mountain, Michigan, using the Thomson device, though the PM512 chip has been thoroughly tested at the latter site. per cycle. The integration period per direction is determined by first acquiring a sample 10-s image. Watson Lake is sufficiently close to the northern auroral oval that the possibility of auroral contamination is quite high, and as such could saturate the image; hence, a quick integration is necessary per direction from which a time scaling factor is determined tk_r the final recorded image. The range available is from the original I0 to 180 s, determined primarily from a numerical simulation for anticipated uncertainty estimates for the line-of-sight winds and temperatures that may be extracted from the measurement; here, about 10 m/s and 25 K, respectively. The two sets of five fringe profiles clearly show the wavelength shifts that the bare CCD FPI combination is capable of measuring--here amounting to about 200 m/s in the meridional direction.
The Peach Mountain station routinely observes emissions from the Meinel band of hydroxyl. This feature provides a means to measure the neutral winds in the mesosphere. Fringe profiles similar to those shown in Fig. 5 have been routinely acquired for the last several years. A data reduction technique has been developed derived from that described in Killeen and Hays._ _ Instrumental calibration is performed by pressure scanning the interferometer while observing a frequencystabilized HeNe laser. A set of 160 images is acquired providing a scan over two full free spectral ranges for each of the re annular bins (in our analysis, we chose 150 such bins). that is proportional to the kinetic temperature of the emitting species, (2) wavelength shift of the center of gravity of the profile that is proportional to the line-of-sight Doppler velocity, (3) a scaling factor that is proportional to the absolute brightness of the emission feature, and (4) a remnant background that is proportional to weak sky continuum. This analytical representation of the airglow emission line profile is then convolved with the numerical representation of the instrumental profile at the appropriate wavelength and then compared with the actual observed re profile. Better guesses, in a least squares sense, are then made for the four unknowns until convergence is reached. 12 Figure 6 displays horizontal neutral wind results for two successive periods t3 in 1990. The meridional (N, S) and the zonal (E, W) components are shown with error bars as a function of local time, with N and E being positive. Both low-and high-frequency temporal variations are evident in the wind component data, and these are current topics of study within the aeronomical community.
Conclusions
The current set of scientific" grade CCDs has been shown to be capable of performing aeronomical quality observations of airglow emissions with Fabry-P6rot interferometers. Both routine (Of 6300-_) and unique (Meinel OH 7,3 band) observations have been acquired with several different bare CCDs. The fringe quality is satisfactory and standard reduction techniques are able to extract high-quality geophysical data from the observations.
The CCD is a versatile sensor 
